Background: Meningitis is one of the most disturbing infectious diseases due to mortality, morbidity and its ability to cause epidemic.
Background
Meningitis disease typically results from contagious infections (1) . Meningitis disease outbreaks can inflict damage and spread quickly (2) . Controlling this disease is possible only though establishing a dynamic surveillance system, and accurate and updated reporting (3) . Public health surveillance systems aim at detecting outbreaks using syndromic data (4) . Routinely syndromic surveillance systems use outbreak detection algorithms for real time detection of outbreaks (5, 6) . Data on fever and neurological symptoms of meningitis such as all pre-diagnostic data might have two patterns including: explainable patterns, i e, temporal dependency, day-of-the-week (DOW) effect, holiday effect and weekend effect; and unexplainable patterns which encompass actual decrease or increase in the data (4, 7) .
The meningitis's surveillance system in Iran established by the ministry of health and medical education in 1981 uses syndromic data, i e, fever and neurologic syndrome, as a pre-diagnostic data source to detect meningitis outbreaks and monitoring its trends (3) . Monitoring tools or outbreak detection methods used for this purpose have two main assumptions i e, independent and identical distributions. Generally, the presence of explainable patterns in the pre-diagnostic data sources such as syndromic data in the meningitis surveillance system lead to some issues true alarms or outbreaks (8) . One of the issues is violation from the above assumptions and the second issue is masking the unexplainable patterns such as outbreaks or producing false alarms (9) .
Therefore, monitoring such pre-diagnostic data as suspected meningitis cases requires an initial detection and removal of such explainable patterns. The process of removing explainable patterns in the literature is called preprocessing methods (10) . These methods fall under the general umbrella of model-based and data-driven methods. Holt-Winters (HW) exponential smoothing is a datadriven method presented in detail in the methods section (11) .
Applying outbreak detection methods to the raw and syndromic data without removing the explainable patterns incapacitates the surveillance systems to detect and respond to the potential alarms in a timely manner by considering the challenge of applying outbreak detection algorithms to the fever and neurologic syndromic data as a pre-diagnostic data source with neither removing such patterns nor assessing violations from the independent and identical distribution in the meningitis surveillance system.
Objectives
The current study aimed to detect and remove the explainable patterns of the daily counts of suspected cases of meningitis in Hamadan province, Iran.
Materials and Methods

Data
Data on daily counts of the fever and neurologic symptoms of meningitis were obtained from national surveillance system from 21 st March (the first day of Iranian so- 
Tools to Detect Explainable Patterns
To detect explainable patterns including DOW, holiday and weekend effects, different methods such as autocorrelation function (ACF), partial autocorrelation function (PACF), mean differences and Mann-Kendall test were used.
Autocorrelation function and partial autocorrelation function: ACF, PACF and related autocorrelogram at various lags were used to highlight cyclical effects and dependence time. Possible daily, weekly, monthly and annual cyclic patterns were shown at lag 1, 7, 30 and 365, respectively. Larger values of autocorrelation indicate the existence of the DOW effect and the presence of temporal pattern. Statistical significance of such patterns and whitenoise are tested using the portmanteau (Q) statistics (12, 13) .
Mann-Kendall Nonparametric Statistics
The statistics was used to determine the linear, nonlinear and seasonal trends (14) .
Deviation from the normal assumptions was investigated using the Skewness and Kurtosis values. Greater deviations from zero for the statistics indicate abnormal distribution.
Tools to Remove Explainable Patterns
HW exponential smoothing: HW exponential smoothing is thought to consist of three components including the level (L t ), trend (T t ) and seasonality (S t ) as shown in Equation 1.
(1)
Where M is the number of seasons (for a period determined by the data a week being equal to seven) and threecomponent level (L t ), trend (T t ) and seasonality (S t ) are calculated as follows:
In the Equation 2, α, β and γ are smoothing parameters that will take values between zero and one. HW cumulative and HW multiplicative exponential smoothing were implemented using the suggested parameter values α = 0.04, β = 0, and γ = 0.15 (9).
Regression Model
To remove explainable patterns including DOW and seasonal effects, the generalized linear models (GLM) with the Poisson estimation were applied to the syndromic data of fever and neurological symptoms.
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Arch Clin Infect Dis. 2016; 11(3):e31532. Variables in the final model were selected using one of the stepwise approaches according to their own values i e, the smallest Akaike information criterion (AIC) (15, 16 ).
Moving Average Method
MA statistics, as explained above in details, is applied for smoothing removing explainable patterns from data (11) .
All of the applied statistical methods to detect and remove explainable patterns were computed using the Microsoft excel Add In software entitled XLSTAT (17) . Illustrations were drawn using Stata software version 11. All analyses were conducted using Microsoft excel Add In software entitled XLSTAT and Stata software version 11.
Results
The presence of DOW and temporal trend in the daily counts of suspected cases of meningitis using the ACF and PACF values with corresponding portmanteau (Q) statistics which reveals temporal dependency in the meningitis' daily time series data are shown in Table 1 . According to Table 1 , higher autocorrelations in lags 1 to 3 and 12 indicate seasonal and yearly patterns in monthly data. In addition, all of the autocorrelation values in the above mentioned lags are statistically significant which favour the temporal dependency in the data. Visual inspection reveals higher autocorrelations on autocorrelogarms portend DOW effects, seasonal patterns and annual pattern (Figures 1 and 2) .
Mean values and corresponding 95% confidence intervals (CI) for daily reported number of suspected cases of meningitis according to days of week, workdays and weekends are presented in Table 2 . After excluding holidays, comparison between the mean and 95% CI for the workday (1.49 (1.38 -1.60) and the corresponding value for the weekends (1.14 (0.99 -1.29) revealed the presence of weekend effect (Table 2) . In other words, numbers of daily reported suspected cases of meningitis decreased during weekends.
Overall, the trend of daily frequency peaks during the week on Tuesdays and then decreases toward the weekend. Regarding the holiday effects, the current study found that the average number of suspected cases of meningitis on holidays (1.09) was lower than those of workdays and weekends.
The trend analysis tests with the Mann-Kendall method are summarized in Tables 3 and 4 . Significant positive trend and seasonal pattern in daily and monthly data series of suspected cases of meningitis can be observed. All of tau Kendall values were statistically significant which presented seasonality and temporal trend in the suspected cases of meningitis data.
Some evaluation metrics to measure the efficacy of smoothing methods to remove the explainable patterns (Tables 3 and 4 ) are presented. According to Table 3 , preprocessing (smoothing), skewness and kurtosis values for daily counts of suspected cases of meningitis indicate violation from normality assumption. However, at the best results after pre-processing using seasonal multiplicative HW exponential smoothing, skewness value of 1.21 and kurtosis value of 4.35 changed to 0.15 and 4.84, respectively. Histograms and normal probability plot in columns 2 and 3 of Figures 1 and 2 revealed the violation normality assumption in the daily and monthly counts of suspected cases of meningitis. However, after pre-processing normality assumption improved. In addition, after implementing pre-processing using smoothing methods, there was a decline in the autocorrelation values in lags 7, 30 days in the daily counts of suspected cases of meningitis and autocorrelation values at lags 1, 3 and 12 months in the monthly counts of suspected cases of meningitis compared to the initial values. Tables 3 and 4 that reported Mann-Kendall test showed that positive trend and seasonal pattern in data before pre-processing was significant but after preprocessing Mann-Kendall test in any method smoothing was not significant. This report involved explainable patterns after pre-processing. This finding reflected the good performance of smoothing techniques to eliminate seasonal patterns such as DOW effects, monthly and yearly patterns. It was found that the HW exponential smoothing had better performance in removing DOW and monthly effects (Table 3 ). The GLM smoothing showed the best performance in removing the trend (Table 4) . Plots of the daily counts of suspected cases of meningitis before and after pre-processing were shown using various smoothing techniques (Figures 1 and 2 ).
Discussion
Generally, examining the daily counts of suspected cases of meningitis as a pre-diagnostic data source showed Arch Clin Infect Dis. 2016; 11(3):e31532. the presence of explainable patterns and there was a great need to remove such patterns. To better explain the value of the study findings, first the key findings regarding the detection of the explainable patters and assessment of normality assumption were discussed. In the latter part of the discussion the pre-processing methods implemented to remove explainable patterns from the raw data were debated. As noted in the findings, the tools used to detect explainable patterns discovered the presence of seasonal patterns especially DOW and holiday effects in the daily counts of suspected cases of meningitis. A study with similar results had been performed on suspected cases of (18) . Also, similar results were reported in both sales of throat lozenges and emergency department visits for gastroenteritis (13) . The study by Mathes (19) in 2011 on the Evaluation of chief complaint data reported for near-real time tracking of communicable diseases to detect outbreaks or other unexpected disease clusters using emergency department daily visits indicated that DOW effect, Holiday effect and seasonal trends affected the number of visits. Furthermore, evidence of DOW effects on the bio-surveillance and pre-diagnostic data by different studies (15, (20) (21) (22) (23) indicated the necessity of considering the role of seasonal patterns such as the month and strength- ened the rationale.
One expected finding of the study was the trend of average number of suspected cases of meningitis and the inconsistency found in practice. According to Table 3 As is clearly mentioned above, the current study found that normality assumption for daily counts of suspected cases of meningitis was not met. This finding reflects the necessity of assessing normality assumption before applying outbreak detection algorithms such as cumulative sum control chart (CuSums) and exponentially weighted moving average (EWMA) to the pre-diagnostic data. Hence, those involved should take care when using such algorithms to avoid false alarms. Results of the studies by Lotze et al. (13) , aimed to identify and eliminate explainable patterns of emergency department visits for gastroenteritis and Karami et al. (18) aimed to detect and remove explainable patterns of suspected cases of measles in Iran were consistent with the current study findings.
Regarding the efficacy of pre-processing techniques, after implementing smoothing in the daily counts of suspected cases of meningitis, both skewness and kurtosis changed. The result was consistent with that of a similar study (13) , which implemented pre-processing using datadriven techniques and also model-based methods. The current study, similar to the study by Lotze et al. (13) demonstrated that seasonal multiplicative HW exponential smoothing technique was more efficient than the seasonal additive one to remove seasonal patterns such as DOW, holiday and weekends effects. In addition, the role of the techniques to eliminate temporal dependency in the daily frequency of suspected cases of meningitis was evident. There were two similar studies in the literature. One reported similar results (22) , but was vague on the details of the applied methods. Lotze TH (9) suggested parameter values α = 0.04, β = 0, and γ = 0.15. As explained in the methods, HW exponential smoothing technique was implemented to both optimized smoothing parameter values and suggested parameter values α = 0.04, β = 0, and γ = 0.15.
Finally, according to the characteristics of the data it seems that implementing data-based smoothing methods such as HW exponential smoothing were simpler and better than model-based smoothing methods such as regression Poisson. For optimal performance of the model-based smoothing method, long time data should be driven. Besides this strength, it seems that applying confounding variables such as person and place in the pre-processing of the data should be considered in the future.
Lack of access to daily data of suspected meningococcal disease 2010 years ago, according to the Health Department of the portal has been launched in 2010. The limitations of the analysis, especially has been effective on methods based model.
Conclusions
Generally, daily counts of suspected cases of meningitis as pre-diagnostic data in the national surveillance system in Iran tend to include explainable patterns such as seasonal pattern, DOW effect, holidays and weekend effects. According to the prevalence of such patterns, it is highly recommended to implement pre-processing methods before applying outbreak detection algorithms in prediagnostic data.
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